Crystals of [WC13{NNH(Ph)}(PMe2Ph)2] are bright green and slightly air-sensitive. [C22H28C13N2P2W , M r -672.6, a --26.048 (4), b = 10.773 (4), c = 19.529(2),/t, fl = 104-53 (1)°; monoclinic, space group P21/a , U = 5304.9 A 3, D c = 1.684 Mg m -3, Z = 8, F(000) = 2632, g(Mo Ka) = 4.89 mm -1, 2(Mo K-d) = 0.71069 A]. Their structure was determined by the heavy-atom method, and refined to R = 0.036 and R'= 0.041 for 7065 reflections. There are two independent molecules in the crystal, almost identical in geometry and conformation, and related by a pseudo centre of symmetry. The hydrazido H atom of one molecule was found in a difference map; the parameters for the other were estimated, and both atoms refined satisfactorily. Both form hydrogen bonds to chloro groups of the opposite molecule, so that the two molecules form a dimer pair about the pseudo centre. The coordination about the W atoms is octahedral, and the hydrazido(2-) groups have dimensions typical of the linear, multiple-bonded W-N-N systems.
Introduction
In the course of examining the reduction, to ammonia, of dinitrogen in its Mo and W complexes, a number of hydrazido(2-)-hydrido complexes have been prepared and their formulae established by spectroscopic methods (Chatt, Fakley, Hitchcock, Richards, Luong-Thi & Hughes, 1979) . No crystalline product, suitable for X-ray analysis, has resulted from these preparations. Preparation of analogues of these compounds was attempted by the reaction:
[WCl4(PMe2Ph)2 ] + PhNHNHSiMe 3 H,furan , [WClaH{ NNH(Ph) } (PMe2Ph)2] + SiMe3C1 and attempts were made to recrystallize the airsensitive complex product from dichloromethane/ ether. The resulting crystals were indeed most suitable 0567-7408/81/030557-06501.00
for crystal structure analysis [which has been reported briefly (Chatt, Fakley, Hitchcock, Richards, Luong-Thi & Hughes, 1979) and is described more fully here], but thereby were shown to have the composition:
The phenylhydrazido(2-)-hydrido complex was thus shown to lose a hydrogen radical during the slow recrystallization process.
A similar hydrazido(2-)-hydrido complex, [WC13H(NNH2)(PMe2Ph)2], prepared differently from its phenyl analogue above, was also shown to undergo a similar reaction during recrystallization, and the X-ray analysis of the solvated product, cis-[WCI3(NNH2)(PMe2Ph) 2].C4H80, has been recorded (Chatt, Fakley, Hitchcock, Richards, Luong-Thi & Hughes, 1979) .
Experimental
Crystals of this complex are bright green and slightly air-sensitive. A prism-shaped crystal, length 0.26 mm (parallel with the b axis), with diamond-shaped section of diameters 0.13 and 0.21 mm, was mounted on a glass fibre and coated with Araldite.
In addition to the absent festoons of hOl reflections having h odd, other reflections in this layer showed systematically strong diffraction where (h/2 + l) was even, and weak diffraction where (h/2 + l) was odd; this inferred a pseudo glide plane of symmetry, normal to b, with a shift of (a/4 + c/2).
Accurate cell dimensions were calculated from the centred settings of 25 reflections with 12 < 0 < 15 °, on an Enraf-Nonius CAD-4 diffractometer using monochromated Mo Ka radiation. Diffraction intensities for reflections having 0 in the range 1.15 -25 ° were measured on the same instrument using a variable scan speed and a 3:2 goniometer : counter scanning ratio, as optimized by peak-analysis routines. Series of diffraction scans, at various ~, values, were also recorded for each of 17 reflections and their symmetry equivalents so that semi-empirical absorption factors could be calculated and applied by the method of Sheldrick, overall; a deterioration factor was therefore applied in addition to Lorentz and polarization factors. Structure amplitudes for 9318 unique reflections were derived.
Structure analysis and refinement
The coordinates of the two independent W atoms were determined from a Patterson map and the remaining non-hydrogen atoms were located in successive electron-density maps. After some refinement of the parameters of the atoms (the W and CI atoms allowed anisotropic thermal motion, the remainder refined isotropically), the coordinates of all H atoms (except the two of the hydrazido groups) were calculated (those of the methyl groups in staggered conformations) and allowed to 'ride' on the neighbouring C atoms. In later cycles, the P and N atoms were also refined with anisotropic temperature factors.
A Fourier difference synthesis then revealed one of the two hydrazido H atoms; the coordinates of the other were calculated, and positional and thermal parameters of these atoms were allowed to refine as independent parameters in the final least-squares cycles. At the conclusion of the refinement, when the atoms were refined in two large blocks (one per molecule), with 7065 reflections (i.e. all those with I > 2a t) weighted according to counting e.s.d.'s, the agreement indices R and R' were 0.036 and 0.041.* Final atomic coordinates and isotropic thermal parameters are in Table 1 .
The scattering factors and real dispersion corrections used for C, H, N and P atoms were those incorporated in the refinement program SHELX (Sheldrick, 1976); for the W and CI atoms, values for W 6+ and CI-were taken from International Tables for X-ray Crystallography(1974) .
Computing
The diffractometer data were processed by the CAD-4 program (Hursthouse, 1977) and absorption correc- 
Description and discussion
There are two independent molecules of the complex [WC13{NNH(Ph)}(PMe2Ph) 2] in the crystal. Atoms of one molecule are named W, CI(1), etc., and corresponding atoms of the other W', CI'(1). The molecule of W, whose coordinates are in Table 1 , is denoted as (I) and is shown, with the atom numbering scheme, in Fig. 1 ; the molecule of W', also in Table 1 , is denoted as (I'). Other Roman numerals denote symmetry-related molecules, detailed at the foot of Table 4 . Bold atom numbers, e.g. CI(I), and for the tungsten atoms W, refer to atoms of either, or the general, molecule.
(I) and (I') are very similar in many respects and are related by a pseudo centre of symmetry with coordinates [0.12573 (7), 0.13325 (17), 0.25201 (11)], calculated as the weighted mean of the mid-points of all corresponding pairs of non-hydrogen atoms of the two molecules. The calculated mid-points of the outer ring atoms, e.g. C(55) and C(24), are furthest, ca 0.21/k, from this point. The two molecules are connected about the pseudo centre by hydrogen bonds between the hydrazido H atoms, H(2), and the chloro groups, Cl(1), on the opposite molecules; the pair of molecules thus form a dimer, denoted as (I)/(I') and shown in Fig. 3 .
The finding of one of the H(2) atoms in a difference map, the satisfactory refinement of both atoms, and the locations of the opposing Cl(l) atoms in ideal hydrogen-bonding positions, all confirm the ligand to be a phenylhydrazido(2-) rather than a phenyldiazenido(1-) ligand.
The dimensions for both molecules are in Table 2 . All H atoms, except H(2), were in calculated, idealized positions, 1.0A from the bonded C atoms. The H atoms of the phosphine methyl groups were not allowed to refine away from a staggered conformation; they have not been included in any geometrical calculations. (5) Each W atom is six-coordinate, bonding three chloro groups, two phosphine groups in trans arrangement, and the nitrogen atom, N(I), of the phenylhydrazido ligand. The coordination pattern approximates an octahedron, with the W atoms displaced by ca O. 16 A towards the hydrazido group from the 'equatorial' plane of the P atoms, CI(I) and C1(3) ( Table 3 , planes A).
The coordination dimensions, Fig. 2 , in the two molecules are almost identical. The almost linear W-N-N systems appear typical of M-hydrazido(2-) complexes, with multiple-bond character in both W-N and N-N bonds; the W-N lengths, quite short at 1.74 A, seem reasonable for W v complexes in comparison with lengths in Table XVI of the review by Chatt, Dilworth & Richards (1978) , and in the M Iv complexes described by Chatt, Fakley, Richards, Hanson & Hughes (1979) . The lengths of the mutually trans W-P bonds are perhaps shorter than extrapolations for Wv-p bonds in the curves given by Aslanov, Mason, Wheeler & Whimp (1970) ; the slight differences between the W-P(4) and W-P(5) lengths probably result from steric effects. The W-CI bond lengths are also closer to values expected for W Iv complexes. The mutually trans chloro groups are at significantly different distances from the W atoms; the involvement of the CI(I) atoms in hydrogen bonds lengthens the W-CI(I) contacts appreciably. The trans influence of the hydrazido ligand lengthens the W-CI(2) bonds; these are about 0.09 A longer than the W-CI(3) bonds, showing an increase of the expected magnitude (Heath, Mason & Thomas, 1974) .
In the phenylhydrazido ligands, the coordinates of the H(2) atoms refined satisfactorily and these atoms are not significantly displaced from the planes of the C / N-N groups ( Table 3 , planes C). Each of these H atoms is directed towards and is within good hydrogenbonding distance of the CI(I) atom of the opposite half of the dimer. Dimensions in this hydrogen-bonded dimer ring are also in Fig. 2 .
The phenylhydrazido groups lie roughly in the 'central' plane, i.e. that of the three CI atoms (Table 3 , planes B) of each monomer. The hydrazido groups are rotated 19-21 ° from the central planes; the rotations are away from the neighbouring phenyl group of the P(5) phosphine ligand and towards the hydrogen-
,12,%?, ?3, -E 16.6, 19.9; B-F 28.3, 29.4; B-G 21.5, 24.9; C-D 8.0, 4.1; D-E 2.4, 2.6 Between the corresponding planes in molecules (I) and (I')
bonded CI(I) of the opposite monomer. There are small rotations, 8.0" in (I) and 4.1 ° in (I'), about the N-C bond, between the hydrazido and phenyl group planes. The two dimethylphenylphosphine groups in each molecule form a staggered arrangement about the P... P vectors, such that C(47) and C(57) lie close to the equatorial plane. The phosphine groups appear closely related by a pseudo twofold symmetry axis coincident with the W-CI(2) bond.
This arrangement of phosphine and phenylhydrazido ligands is very similar to that of the rhenium com- (Mason, Thomas, Zubieta, Douglas, Galbraith & Shaw, 1974) .
The mean planes of all the phenyl groups are good (Table 3) , but some of the substituent atoms are considerably displaced from these planes; in particular, the P(5) atoms are displaced by up to 0.12 A from the planes of C (5 l) -(56). In the crystal, the dimer pairs form discrete units, which are connected by van der Waals forces. Table 4 lists the shorter intermolecular contacts. In projection, Fig. 3 , the packing arrangements about certain inversion centres and screw axes appear very similar. Short contacts between dimer pairs across the inversion centres at (½,Y,0) O' = 0 and ½) and about the screw axis at ~ 1 Q,y,~) are compared in Table 5 (a) and those across the inversion centres at ~ (r,y,~) (y = 0 and ½) and about the screw axis at (¼,y,0), where the arrangements also look alike in projection, are compared in Table 5 (b).
The contacts marked with an asterisk in Table 5 are similar, in both distance and direction, whether about an inversion centre or a screw axis. The packing of the dimers about these symmetry elements thus appears equally satisfactory. Some of the slight differences in arrangements of the two halves of the dimer presumably result from deviations of groups to improve these and supporting interactions (the non-asterisked contacts in the table) about the different symmetry elements.
The approximate inversion symmetry of the dimer pair, together with its placement with respect to the screw axis, leads to two non-symmetry-related monomeric components in two such dimer pairs (e.g. I and IV') having almost indistinguishable alignments in projection down the b axis with relative displacements of (a/4, c/2); this is the origin of the pseudo-systematic absence referred to above.
